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A B S T R A C T
Background: Mitral annular motion (MAM) and tricuspid annular motion (TAM) velocities obtained by
pulsed tissue Doppler echocardiography have been used to evaluate left ventricular (LV) and right
ventricular (RV) functions. Although TAM velocity has been clinically applied for evaluating various
cardiac diseases, the effects of age and gender remain unclear. Therefore, we aimed to determine the
effects of age and gender on TAM velocity in normal hearts.
Methods: We randomly selected 265 subjects (mean age, 59 years; range, 20–89 years) without
abnormal clinical, electrocardiographic, and echocardiographic ﬁndings from a pool of subjects who had
undergone transthoracic echocardiography. They were classiﬁed into four age groups: 20–39, 40–59,
60–79, and >80 years. Pulsed wave Doppler was applied to obtain MAM velocity of the lateral side and
TAM velocity of the RV free wall side. The peak systolic (s0), early diastolic (e0), and atrial systolic (a0)
velocities of MAM and TAM were measured in all subjects.
Results: While MAM-s0 (r = 0.267, p < 0.001) correlated with age, TAM-s0 did not (p = 0.755). TAM-s0 in
any age groups had no signiﬁcant gender differences. TAM-e0 (r = 0.447, p < 0.001) and MAM-e0
(r = 0.724, p < 0.001) correlated with age, respectively. In those aged 40–59 years, both TAM-e0
(p = 0.002) and MAM-e0 (p = 0.048) in females were signiﬁcantly higher than those in males. The gender
differences diminished in the 60 years age groups.
Conclusions: There was no age-associated decline in TAM-s0 , while TAM-e0 varied with age and gender as
did MAM-e0. Although the same criteria for the TAM-s0 can be used for identifying abnormal RV systolic
function regardless of age and gender, age and gender differences must be considered when one utilizes
the TAM-e0 for the diagnosis or management of cardiovascular disease.
 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Right ventricular (RV) dysfunction is associated with increased
morbidity and mortality in patients with congenital heart disease,
valvular disease, coronary artery disease, pulmonary hypertension,
and heart failure [1–6]. The assessment of RV function has
traditionally been difﬁcult because of its complicated morphology,
but recent developments in echocardiography and magnetic
resonance imaging have facilitated its noninvasive evaluation
[7]. The American Society of Echocardiography (ASE) recommends* Corresponding author at: Department of Cardiovascular Medicine, Tokushima
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0914-5087/ 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rightsfour indices of RV systolic function: tricuspid annular plane
systolic excursion, peak systolic velocity of tricuspid annular
motion (TAM), fractional area change, and RV index of myocardial
performance [8]. Among these parameters, TAM velocity detected
using pulsed tissue Doppler echocardiography (TDE) is a simple
and reproducible technique with good discriminatory ability to
detect normal versus abnormal RV function [8]. Although TAM
velocity has been clinically applied [8,9], there are no generally
accepted reference values for systolic and diastolic RV functions.
Moreover, no large-scale study of a healthy population has been
conducted to gather a detailed account of TAM and mitral annular
motion (MAM) velocities. Therefore, the purpose of our study was
to establish reference values for both RV and LV systolic and
diastolic functions determined by TDE in normal hearts and to
correlate these with age and gender. reserved.
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Subjects
We studied a cohort of 265 subjects without abnormal
electrocardiographic and echocardiographic ﬁndings who were
randomly extracted from a pool of subjects who had undergone
transthoracic echocardiography at the Ultrasound Examination
Center, Tokushima University Hospital between December 2011
and December 2012. We based our ‘‘normal heart’’ diagnostic
criteria on the reference range included in the ASE guidelines
[8,10,11]. Accordingly, cases with enlarged RV and RA were
excluded from our study. The exclusion criteria were as follows:
history of hypertension, diabetes mellitus, pulmonary disease,
renal failure, cardiovascular disease, abnormal electrocar-
diographic ﬁndings including cardiac arrhythmia and bundle
branch block, and abnormal echocardiographic ﬁndings (myo-
cardial infarction, cardiomyopathy, congenital heart disease,
and more than moderate valvular heart disease). Subjects were
also excluded if they had poor echocardiographic images,
signiﬁcant fever (37 8C), anemia (hemoglobin <11 g/dL),
hypertension (systolic blood pressure 140 mmHg and/or
diastolic 90 mmHg) at the time of echocardiography, or any
other factor that could affect the echocardiographic measure-
ments. Subjects were divided into the following age groups:
20–39 years, 40–59 years, 60–79 years, and 80 years. The
study protocol was approved by the ethics committee of
the Tokushima University Hospital, and informed consent was
obtained from all subjects.
Echocardiography
Echocardiographic examinations were performed using
commercially available machines (iE33, Philips Healthcare,
Amsterdam, The Netherlands; Vivid E9, GE Healthcare, Chalfont
St. Giles, UK; Aplio 80, Toshiba Medical, Tochigi, Japan;
ProSound a-10, Hitachi-Aloka Medical, Tokyo, Japan) using a
broad-band transducer (S5-1, Philips Healthcare; M5S-D, GE
Healthcare; PST-30BT, Toshiba Medical; UST-52105, Hitachi-
Aloka Medical). All ultrasonic apparatus were randomly selected
for each subject. Echocardiographic examinations were per-
formed by six experienced sonographers who were not blinded
to clinical information but blinded to the study protocol. Routine
echocardiography was performed as described in previous
guidelines [10,11]. M-mode echocardiography was used to
measure left atrial (LA) diameter and LV end-diastolic and
end-systolic diameters. LV wall thickness of LV septal wall and
posterior wall were measured from short-axis view. LV and LA
volumes were determined using the modiﬁed Simpson’s rule
with images obtained from apical 4-chamber and 2-chamber
views. Pulsed Doppler indices were obtained in the apical
4-chamber view. From recordings of transmitral ﬂow velocity,
the peak early (E) and late (A) diastolic ﬂow velocities, the E/A
ratio, and E-wave deceleration time were obtained. The
following measurements were taken from pulmonary venous
ﬂow velocities: peak systolic ﬂow velocity (PVS) during
ventricular systole, peak diastolic ﬂow velocity (PVD) during
the early phase of ventricular diastole, PVS/PVD ratio, and
peak pulmonary venous atrial reversal ﬂow velocity (PVA)
during LA contraction.
After routine echocardiographic examination, TDE was
performed from an apical 4-chamber view. Pulsed wave Doppler
was applied to obtain MAM velocity of the lateral side and TAM
velocity of the RV free wall side. We measured the peak systolic
MAM velocity (MAM-s0) during ejection, peak early diastolic
MAM velocity (MAM-e0), and peak atrial systolic MAM velocity(MAM-a0). MAM-s0 and MAM-e0 were used as indexes of LV
systolic function [12] and LV relaxation [11], respectively. The
peak systolic (TAM-s0), early diastolic (TAM-e0), and atrial
systolic (TAM-a0) velocities were measured according to the
guideline to assess the right ventricular function using
echocardiography [5,8]. Careful attention was paid to technical
factors that could affect the measurements of TDE parameters
such as suboptimal image quality, beam alignment, sample site
location, Doppler gain, and respiration [5,11].
Statistical analysis
Data were analyzed using the SPSS software (version 19.0.0.2;
SPSS, Armonk, NY, USA). Data are presented as mean  standard
deviation (SD) for continuous variables and as percentages for
categorical variables. Interclass correlation coefﬁcients and paired
Student’s paired t-test were used to assess reproducibility of MAM and
TAM velocities. Correlations between the TDE parameters and age were
analyzed using Pearson’s method. Comparisons among more than
three groups were made by one-way analysis of variance, followed by
Hochberg’s GT2 test. In addition, all variables were compared between
males and females using the unpaired Student’s t-test or Mann–
Whitney test. Statistical signiﬁcance was set at p < 0.05.
Reproducibility of MAM and TAM velocities
Reproducibility of MAM and TAM velocities was assessed in 20
randomly selected subjects. The MAM and TAM velocities were
measured by 2 independent investigators in a blinded fashion.
Interobserver intraclass correlation coefﬁcients were 0.96 for
MAM-s0, 0.99 for MAM-e0, 0.98 for MAM-a0, 0.96 for TAM-s0, 0.98 for
TAM-e0, and 0.97 for TAM-a0. The mean differences between 2
measurements were as follows: MAM-s0, 0.2  0.5 cm/s (p = 0.158);
MAM-e0, 0.2  0.5 cm/s (p = 0.200); MAM-a0, 0.2  0.6 cm/s
(p = 0.227); TAM-s0, 0.1  0.8 cm/s (p = 0.726); TAM-e0,
0.1  0.7 cm/s (p = 0.706); and TAM-a0, 0.1  0.9 cm/s (p = 0.553).
Results
Subject characteristics
Two-dimensional and Doppler echocardiographic ﬁndings
were compared among males and females, and the results are
presented in Table 1. No signiﬁcant differences were observed
with regard to age or heart rate in males and females. Males had
higher systolic and diastolic blood pressures than females.
Echocardiography revealed differences in LV volume, LV ejection
fraction, LV mass index, and left atrial volume index.
Doppler echocardiography of the left side revealed that E was
signiﬁcantly higher in females than in males (p < 0.001),
whereas A was not signiﬁcantly different. The E/A ratio in
males was signiﬁcantly lower than that in females (p = 0.021).
PVS, PVD, and PVA were not signiﬁcantly different between
males and females.
Characteristics of tricuspid annular motion velocity in normal hearts
There were 44 subjects in the 20–39 years group (22 males,
22 females), 78 in the 40–59 years group (35 males, 43 females),
114 in the 60–79 years group (63 males, 51 females), and 29 in
the 80 years group (16 males, 13 females). TAM and MAM
velocities in normal subjects enrolled to assess the effects of age
and gender are summarized in Table 2.
TAM-s0 was higher than MAM-s0 in all age groups. While MAM-
s0 (r = 0.267, p < 0.001) correlated with age, there was no
signiﬁcant relationship between TAM-s0 and age (p = 0.755,
Table 1
Clinical and echocardiographic characteristics.
All Males Females
n = 265 n = 136 n = 129
Age (years) 59  17 60  17 58  17
Body surface area (m2) 1.62  0.19 1.72  0.16 1.52  0.15*
Heart rate (beats/min) 64  7 65  7 64  7
Systolic blood pressure (mmHg) 123  13 127  12 120  14*
Diastolic blood pressure (mmHg) 72  10 73  9 71  10*
2-Dimensional echocardiography
LVEDV (ml) 79  19 85  20 72  15*
LVESV (ml) 27  7 30  8 25  6*
LV ejection fraction (%) 65  3 65  3 66  3*
LV mass index (g/m2) 74  13 76  12 72  13*
LAV index (ml/m2) 23  5 23  5 24  5*
Doppler echocardiography
E (cm/s) 67  17 63  15 72  17*
Dct (ms) 232  52 241  54 222  49*
A (cm/s) 69  19 68  19 70  19
E/A ratio 1.1  0.5 0.8  0.2 1.0  0.4*
PVS (cm/s) 59  13 59  14 58  13
PVD (cm/s) 41  12 41  13 41  11
PVA (cm/s) 28  8 28  7 27  8
Data are expressed as mean  standard deviation. LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LV, left
ventricular; LAV, left atrial volume; E, early diastolic transmitral ﬂow velocity; A, late diastolic transmitral ﬂow velocity; Dct, deceleration time of early
diastolic transmitral ﬂow; PVS, systolic pulmonary venous ﬂow velocity; PVD, diastolic pulmonary venous ﬂow velocity; PVA, pulmonary venous atrial
reversal ﬂow velocity.
* p < 0.05 compared with males.
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for males in the 40–59 years group (p = 0.002, Fig. 2). However, no
gender differences were observed in the 60 years groups. Similar
to TAM-e0, MAM-e0 was higher for females in the 40–59 years group
(p = 0.048), with no gender differences in the 60 years groups. In
addition, TAM-e0 (r = 0.447, p < 0.001) and MAM-e0 (r = 0.724,
p < 0.001) correlated negatively with age, respectively (Fig. 1,
middle panels). TAM-a0 (r = 0.453, p < 0.001) and MAM-a0
(r = 0.434, p < 0.001) correlated positively with age, respectively
(Fig. 1, right panels).Table 2
Mitral and tricuspid annular motion velocities determined by tissue Doppler echocard
Age group 20–39 years 40–59 ye
n = 44 n = 78
MAM-s0 (cm/s)
All 11.5  2.9 10.2  2.4
Males 12.4  3.3 10.2  2.6
Females 10.5  2.0 10.2  2.2
MAM-e0 (cm/s)
All 15.3  3.6 11.5  2.6
Males 15.2  3.8 10.9  2.8
Females 15.3  3.3 12.0  2.4
MAM-a0 (cm/s)
All 7.9  2.1 10.2  2.3
Males 8.6  2.4 10.4  2.0
Females 7.2  1.4 10.1  2.5
TAM-s0 (cm/s)
All 12.4  2.5 12.1  2.3
Male 12.9  3.0 12.2  2.3
Female 11.9  2.0 12.1  2.4
TAM-e0 (cm/s)
All 12.4  2.9 10.1  3.0
Males 11.9  3.1 9.0  2.3
Females 12.9  2.6 11.1  3.2
TAM-a0 (cm/s)
All 10.1  2.7 12.5  2.9
Males 10.7  2.4 12.6  3.0
Females 9.5  3.0 12.4  2.9
Data are expressed as mean  standard deviation. MAM, mitral annular motion; TAM, tr
peak atrial systolic velocity.
* p < 0.05, the 40–59, 60–79, and >80 years groups compared with the 20–39 years
y p < 0.05, the 60–79 and 80 years groups compared with the 40–59 years group.Discussion
We report the normal values of echocardiographic measure-
ments and the relationship of TAM velocities with age and gender
for the ﬁrst time in a large population. The gender differences of 2-
dimensional echocardiography and left ventricular Doppler
echocardiography in our subjects were similar to those reported
in previous studies [13–15]. Although systolic TAM parameter was
not affected by age, there were differences in diastolic TAM
parameters between age groups.iography according to age and gender in healthy subjects (n = 265).
ars 60–79 years >80 years
 n = 114 n = 29
* 9.8  2.3* 9.1  2.1*
* 9.8  2.1* 8.6  2.2*
 9.8  2.7 9.7  2.0
* 8.7  2.1*,y 7.6  1.7*,y
* 8.7  2.1*,y 7.3  2.0*,y
* 8.6  2.1*,y 7.9  1.4*,y
* 11.3  2.9*,y 11.1  2.4*
 11.0  2.8* 11.2  2.6*
* 11.6  3.0*,y 11.0  2.2*
 12.1  2.3 12.3  2.8
 12.1  2.4 12.5  3.1
 12.2  2.2 12.1  2.4
* 9.1  2.4*,y 7.8  2.6*,y
* 8.8  2.0* 8.3  3.0*
 9.4  2.8*,y 7.2  2.0*,y
* 14.1  3.2*,y 14.2  3.4*
 13.7  3.1* 14.6  3.8*
* 14.6  3.2*,y 13.6  2.8*
icuspid annular motion; s0 , peak systolic velocity; e0 , peak early diastolic velocity; a0 ,
 group.
Fig. 1. Relationship between tissue Doppler echocardiographic indices and age. MAM, mitral annular motion; TAM, tricuspid annular motion; s0 , peak systolic velocity; e0 , peak
early diastolic velocity; a0 , peak atrial systolic velocity.
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The effects of gender and age on TAM velocities have been
inadequately investigated. A previous study showed that there was
no signiﬁcant difference in TAM-s0 among the age groups of <40
years, 40–59 years, and 60 years [16]. Similarly, we did not
observe changes in TAM-s0 measurements with increasing age
(Fig. 1). In addition, TAM-s0 in any age groups had no signiﬁcantFig. 2. Comparison of tricuspid and mitral annular velocities between males and female
boxes indicate males and red boxes indicate females. MAM, mitral annular motion; TAM, tric
atrial systolic velocity. (For interpretation of the references to color in this ﬁgure legend, gender differences (Fig. 2). Thus, the same criteria for TAM-s0 can
be used for identifying abnormal RV systolic function, regardless of
age and gender. TAM-s0 was usually higher than the MAM-s0
probably because of the different shape of the right ventricle [7].
Unlike systolic MAM-s0, no signiﬁcant difference was found in
TAM-s0 in different age groups of normal hearts. Compared with
the left ventricle, the mechanism of the right ventricle contraction
is relatively complex [7,17].s on the basis of age groups. Data are presented as mean  standard deviation. Blue
uspid annular motion; s0 , peak systolic velocity; e0 , peak early diastolic velocity; a0 , peak
the reader is referred to the web version of the article.)
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In both ventricles, the early diastolic velocities decreased and
atrial systolic velocities increased with advancing age; these
results agree with those of previous studies [14–16]. In addition,
a previous study showed that as age increased, TAM-e0
consistently exhibited lower peaks, whereas TAM-a0 measure-
ments exhibited higher peaks [16]; these results are consistent
with ours (Table 2 and Fig. 1). Both MAM-e0 and TAM-e0 values in
the 40–59 years group were signiﬁcantly higher in females than
those in males and the difference diminished in the 60 years
groups. These ﬁndings on MAM-e0 are also consistent with
earlier reports [14,15]. Those results may suggest that post-
menopausal status may be related to impaired LV relaxation. It
has been reported that estrogen has inhibitory effects on smooth
muscle cell proliferation and vasodilator effects [18,19]. These
effects protect deterioration of LV relaxation in females until
menopause which usually occurs between the age of 45 and 55
years. In fact, hormonal replacement therapy has been shown to
improve LV diastolic function [20,21]. In other words, just as
MAM-e0 is an index of LV relaxation [11], TAM-e0 could be an
index of RV relaxation. Therefore, the age-related deterioration
of diastolic ventricular function and the augmentation of atrial
pump function seem to occur in both ventricles [22]. This
ﬁnding may explain the relatively higher incidence of diastolic
heart failure in elderly females [23–26] as well as higher
cardiovascular mortality observed in females [27]. Our ﬁndings
suggest that when evaluating TAM velocities, it is necessary to
consider age and gender differences.
Limitations
First, echocardiographic measurements were performed by
each sonographer according to a standard protocol. Thus,
interobserver variability might have affected the echocardio-
graphic measurements. However, the standard deviations of the
measurements were small and similar to those reported in
previous studies [13,16]; thus, the inﬂuence of interobserver
variability was considered to be negligible. Second, subjects
participating in this study had no symptoms or signs of cardiac
diseases; however, we did not rule out the presence of
subclinical cardiac conditions (e.g. coronary artery disease)
with invasive investigation. We deliberately chose not to include
patients who were symptomatic with normal coronary angio-
grams. Third, although patients with a known history of heart
disease, hypertension, or diabetes mellitus were excluded from
our study of normal hearts, subclinical conditions that may
affect LV and RV diastolic function could not be completely
excluded. For example, impaired glucose tolerance and pericar-
dial fat may inﬂuence diastolic function [28,29]. Finally, our data
did not contain the RV and RA echocardiographic indices other
than TAM velocity, such as RV volume, RA volume, and
transtricuspid ﬂow velocities; these should be addressed in a
future research.
Conclusions
Contrary to the observation in LV, there was no age-
associated decline in RV systolic function evaluated by TAM-
s0. However, TAM-e0 changed with age and gender in similar
patterns to MAM-e0, suggesting common effects of aging and
gender on RV relaxation. Although the same criteria for the
TAM-s0 can be used for identifying abnormal RV systolic function
regardless of age and gender, age and gender differences must
be considered when one utilizes the TAM-e0 for the diagnosis or
management of cardiovascular disease.Conﬂict of interest
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